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In previoua reports (1915,  1918) the writer has described three types 
of leucemia in  the  fowl, the  lymphatic, the myeloid, and the intra- 
vascular lymphoid  ~ types.  Reference has  also  been made to purely 
anemic forms, which appear to be closely rela~ed to the intravascular 
lymphoid type.  Within  one type the clinical picture of the disease 
presents many  variations, which recall analogous instances in man. 
The association  with neoplastic growths--lymphomata and myeloid 
tumors--is noteworthy.  In previous experiments the author has dem- 
onstrated that the various types of leueemie disease may be produced 
by the same experimental strain.  Hence the conclusion seems justi- 
fied that all are produced by the same virus. 
The study here reported,  with  a  new strain,  was  undertaken in 
order  to  verify previous  findings  and  to  elucidate  the histogenetic 
processes.  It  deals  with  general  considerations  relating  to  the 
strain, particularly the problem of virulence.  The strain employed 
was derived from a hen with leucemia received on February 22,  1917; 
from Professor Carl Hansen. 
Protocol/.--Hen H.  February 22, 1917.  Color  of comb pale.  Hemoglobin 
20  per  cent  (Sahli).  Blood films show well pronounced  leucemia.  Every 
microscopic field reveals myeloeytes, but  lymphoid cells predominate.  These 
cells have dark,  round nuclei and a scanty border  of protoplasm.  There  is 
1  The term intravascular lymphoid leucemia is merely tentative.  In this type, 
which is closely  related to the pure anemic form, microscopic  examination shows 
only intravascular deposits of lymphoid cells, which are probably erythrobiasts 
in early stages.  The type of disease must be regarded as a severe anemia with 
an excessive  pathological regeneration.  An article on this  subject will appear 
shortly in Folia h~ematologica. 
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often marked basophilia.  Mitotic divisions are numerous.  There are few typi- 
cal, small lymphocytes, polynuclear cells, and large mononuclear cells to be seen. 
Erythroblasts  are  found frequently.  The oxidase reaction reveals  blue  gran- 
ules in some myelocytes, but the gramlles in most of these cells  are unstained. 
Erythrocytes  1,080,000;  leucocytes  720,000.  The  differential  count  of leuco- 
cytes is given in Table I. 
February 24, 1917.  Animal killed. 
TABLE  I. 
Differential Leucocyte Count of Hen H. 
Ceils.  Per cent.  No. 
Polynuclears ......................................... 
Myelocytes .......................................... 
Large mononuclears .................................. 
Lymphocytes  ........................................ 
Lymphoid cells ...................................... 
2 
15 
4 
4 
75 
14,400 
108,000 
28,800 
28,800 
540,000 
Autopsy.--Liver.--Greatly  enlarged;  weight  156  gin.  Color brownish,  with 
numerous fine white spots on surface.  These can barely be seen on the cut sur- 
face.  Spleen.--Enormously  enlarged; weight 40 gm.  Bluish red in color.  Cut 
surface quite uniform.  Kidneys.--Brown with  very fine white  spots.  Weight 
of right kidney 8 gin.  Heart.--On anterior side shows a large white spot the size 
of a  hemp-seed.  Lungs, stomach, intestines, thymus,  bones, and skin.--Show no 
pathological changes. 
Microscopic Examination.--Liver..--Shows  a  number  of  medium  sized  peri- 
portal  cell  infiltrations,  containing typical myelocytes.  Non-granular cells  are 
absent.  The capillaries are markedly dilated and filled  with large, round lym- 
phoid  cells and scanty myelocytes and erythrocy.tes.  The cell masses produce 
complete injection of the capillary network.  Spleen.--Only mere traces of fol- 
licles  are  seen.  Pulp  well  filled  with  large lymphoid cells,  which  often show 
mitotic  division.  Perivascular  layers  of  myelocytes  are  rarely  encountered. 
Bone marrow.--The  trabecuke are partly atrophic and contain small dark cells. 
Some are of normal size and contain myelocytes.  Fat cells are reduced in num- 
ber.  Kidney.--Interstitial infiltration with myelocytes in the superficial cortical 
layer..  Capillaries often full of large lymphoid cells.  Heart.--The white nodule 
consists of large cells,  with oval nuclei and large masses of protoplasm without 
granules.  Typical myelocytes are  seen.  Intestine.--In  the deeper  portions  of 
the mucous membrane of the colon are found myelocytes in thin layers. 
The case is one of typical leucosis with leucemia.  The blood picture 
is  characterized  by  the  large  number  of leucocytes  (myelocytes  and VILHELM ELLEP~MANN  541 
large lymphoid forms).  The histological examination shows marked 
filling  of  the  capillaries  of  various  organs  with  leucocytes  (leuco- 
stasis)  and  interstitial  deposits  of  myelocytes in the liver, spleen, 
and kidneys.  The case represents a mixture of the myeloid and the 
intravascular lymphoid types of disease. 
Eight normal hens were inoculated into the wing vein with citrated 
blood from the original fowl.  One of the inoculated birds developed 
leucosis.  The  inoculations  were  then  continued  through  twelve 
generations.  In all,  122 birds were inoculated.  In 34 instances (28 
per  cent) the inoculations gave positive results.  For comparison it 
may be mentioned that Ellermann and Bang (1908, a, b, 1909) had 39 
per  cent  positive  results  from  Strain  A;  ~Iirschfeld  and  Jacoby 
(1910), 44 per cent; Ellermann (1918), 22 per cent from Strain E; and 
Schmeisser, 33  per cent.  One constantly finds a  certain percentage 
of birds  immune.  The resistance is  not,  however, constant, as by 
repeated inoculations it  may be possible to transmit the disease to 
fowls  originally immune.  Both these facts were again confirmed by 
the experiments made with Strain H. 
Virulence of Inoculation Material. 
In a previous article (Ellermann and Bang,  1909) it  was pointed 
out that the number of takes in a single experiment may vary to a 
large extent.  Hence it is necessary to employ a considerable number 
of birds in order to obtain positive results.  If, for example, only five 
fowls  are used, it often happens  (in about 25 per cent of the experi- 
ments) that the outcome is negative notwithstanding the high degree 
of virulence possessed by the inoculation material.  By using a larger 
number of fowls, the chances of obtaining positive results are increased, 
and with  as many as  twelve, transmission  of  the disease is practi- 
cally certain.  For  the sake of economy, the writer was  limited to 
eight fowls for each transmission experiment, with, as a result, some- 
what lessened chances of a successful outcome.  None of the fowls may 
acquire the disease, or, on the other hand, all may become infected. 
In the latter instance, we should not be justified in drawing the con- 
clusion that the virus had a high degree of virulence.  This variability 
in infectivity is  shown in TabIe  II.  It  would be  advantageous if 542  LEUCEMIA  IN FOWLS 
it were possible  to increase  the  number  of infected  animals, either 
by lowering the natural resistance of from 60  to 70 per cent of the 
fowls or  by  augmenting the  virulence of  the  inoculation material. 
Attempts  to  lower  the  resistance  by  bleeding  or  hunger, made  in 
previous  experiments,  were  unsuccessful.  An  experiment  of  this 
character was undertaken with the present strain.  Before inocula- 
tion of the leucosis virus an injection of tuberculin was given in eight 
fowls.  The disease developed rapidly, appearing 2  or 3  weeks after 
TABLE II. 
Number of Fowls Infected with Strain H. 
Generation.  No. of  fowls  inoculated.  No. of  fowls  infected.  Percentage  infected. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
8 
20 
8 
16 
16 
8 
8 
6 
8 
8 
8 
8 
1 
7 
5 
2 
3 
1 
3 
1 
4 
4 
2 
1 
13 
35 
63 
13 
19 
13 
38 
17 
50 
50 
25 
13 
inoculation, and the fowls died after a  short interval--only 32  days. 
It has not been possible to repeat the experiment, but probably this 
result was accidental and can be explained in some other way. 
A  study of Table  III, which gives the duration  of illness in  the 
successive generations of inoculated fowls, shows a progressive short- 
ening of the period.  At the beginning of the series the duration of 
the disease from the time of inoculation to death was 15 to 20 weeks, 
while at  the  end it was  only 6  to 8 weeks.  This shortening of the 
duration of the disease must be considered as attributable to increased 
virulence of the virus.  2 
2  Nothing can be stated concerning the true nature of the virulence, as differ- 
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A graphic representation of the reduction in duration of the disease 
is  given in Text-fig.  1.  While the curve is  not  absolutely regular, 
the fall is distinct.  The lack of regularity may be accounted for by 
TABLE  III. 
Duration  of the Disease with Strain H frown the Time of Inoculation  to Death. 
Generation. 
1 
2 
3 
4 
$ 
6 
7 
8 
9 
10 
11 
12 
Duration of  disease. 
&zy$ 
>133 
121 
8O 
96 
97 
113 
94 
69 
32 
49 
56 
29 
D~ys 
140 
120 
100 
80 
6O 
4O 
2O 
Generation  I 
\/ 
2  3  4567891O1112 
TExT-Fro. 1. Duration of the disease with Strain H. 
the irregularity in the sixth generation, caused, however, by only a 
single case.  The fall in the ninth generation, in which the fowls had 
been  treated  with  tuberculin previous  to  inoculation, is  not  very 
striking in comparison with the preceding part of the curve. 544  LEUCEMIA IN I~OWLS 
Text-figs.  2  and  3  are  based  on  former experiments  made with 
Strains  E  and D.  It will be observed that these curves are similar 
to  that  of  Text-fig.  1.  The  curve  of  Text-fig.  2  is  very  regular. 
By  comparing  the  three curves it will be  seen that the duration in 
the first generation is about the same for the three strains.  It must 
be added that the quantity of material inoculated varied  somewhat 
in the different experiments.  As a  rule,  however,  the  amount  con- 
sisted  of  a  blood  suspension  corresponding  to  2  drops  of blood of 
the sick fowl.  Sometimes 1 cc. of a  centrifuged tissue emulsion was 
used.  A  study of this point shows that the variations in the curves 
Days 
160  ~ 
140 
120  k 
100  ~- 
80  -~ ~ 
60 
40 
20 
Gmtionl  2  3  4 
Days 
180 
160  \  \ 
I40  ~ 
120  ' 
100 
5  6  Gene~'ation  1  2  3 
TExT-FIG. 3. Duration of the 
disease with Strain D. 
T~.x¢-FIG. 2. Duration of the disease 
with Strain E. 
cannot be explained on the basis of the quantity inoculated.  Hence 
it is possible to increase the virulence of the virus of leucosis by pas- 
sage.  This finding suggests similar results obtained with another fil- 
terable virus; namely, that of hydrophobia.  By inoculating the street 
virus  of a  spontaneous  case  the  incubation  period  decreases with 
each generation, until it reaches a  fixed point.  The increased viru- 
lence of the virus of leucosis used in the fowl is shown by a shortening 
in the duration of the illness.  It is noteworthy, however, that there 
is  no  coincident  rise  in  the  number  of  successful  infections.  It 
appears doubtful whether any increase in  the  number of infections 
can be obtained through increased virulence of the virus. VILIIELM ELLERMANN  545 
The shortening of the duration of the disease with continued passage 
was partly overlooked in  former experiments, and partly explained 
in another way.  It was believed that the duration was determined 
by the type of the disease; that is,  that the intravascnlar lymphoid 
cases had a  shorter duration than the lymphatic cases.  This view- 
point cannot, however, now be maintained.  The main factor, appar- 
ently, is the position of the individual case in the series of generations. 
Hirschfeld and Jacoby (1910) were correct in their assertion that the 
length of the incubation period is an indicator of the degree of viru- 
lence.  With Strain A of Ellermann and Bang; which had required an 
incubation period of about 8 weeks in the first generation, they ob- 
served an incubation period of 6 weeks at the beginning of their series, 
which later  decreased to  4  weeks.  The  conclusions  of  Hirschfeld 
and  Jacoby seem, however, to  be  based  on  a  very small series  of 
observations,  and  the use of the incubation  period  as  an indicator 
of  virulence has  disadvantages.  For instance, the time of onset of 
the disease  cannot be established accurately if the onset is gradual 
or  the  course intermittent.  In  the lymphatic cases we cannot use 
the term incubation period, inasmuch as  anemia and blood changes 
are usually absent. 
Types o/Disease.--It was observed with Strains D and E  that the 
type of  the resulting  disease appeared  to  vary.  Strain D,  which 
originated  from  an  intravascular  lymphoid  case, produced in  the 
first generation a  myeloid, and  in the second generation a lymphatic 
case.  From Strain E, originating from a lymphatic case, a series of 
lymphatic and intravascular cases,  and  also  a  few myeloid  cases, 
resulted. 
Table IV shows  the results of experiments with Strain H, which 
was obtained from a  case of mixed myeloid-intravascular character. 
in the first eleven generations we  find myeloid, intravascular lym- 
phoid, and anemic cases,  while in the twelfth generation a lymphatic 
case  suddenly appears.  Table V gives  the number of cases of each 
type. 
The observations made on Strain H  confirm the finding of a varia- 
tion in the type of disease.  The clinical pictures are varied, and inter- 
mediary forms difficult to classify are also present.  A change from 
the myeloid to the lymphatic type, or the reverse, is rare.  Cautioa 546  LEUCE~  IN FOWLS 
is  necessary  in  diagnosing  cases,  and  the  possibility  of  occasional 
spontaneous cases must be kept in mind.  Each strain seems to have 
a tendency to produce a certain type of disease.  Strain E, for instance, 
TABLE  IV. 
Types of Disease Obtained with Strain H. 
Generation.  Types of Cases. 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Intravascular (No. 1). 
Anemic (No. 2); intravascular  (Nos. 3, 4, 5, and 7); myeloid (No. 6);  mye- 
loid and intravascular  (No. 8). 
Intravascular (Nos. 9 and 14); myeloid (Nos. 10 and 11); anemic (Nos.  12 
aad 13). 
Anemic (Nos. 15 and 19); myeloid (Nos. 16 and 17); intravascular (No. 18). 
Intravascular (Nos. 20, 21, and 22). 
"  (No. 23). 
"  (Nos. 24 and 25); myeloid (No. 26). 
"  (  "  27  "  28). 
"  (  "  29, 30, and 32); myeloid (No. 31). 
"  (  "  33 and 35); myeloid (Nos. 34 and 36). 
"  (No. 37); rayelold (No. 38). 
Lymphatic (No. 39). 
TABLE  V. 
Number of Cases of Different Types Produced by Strain H. 
Type of case.  No. 
Intrsvascular and anemic .........................................  27 
Myeloid (leucemic) ...............................................  9 
"  (aleucemic)  ........  ......................................  2 
Lymphatic ....................  ...........  ~  ........................  1 
Total ..........................................................  39 
produces  mainly  intravascular  and  lymphatic,  and  Strain  H  chiefly 
intravascuIar  and  myelold  cases.  It  appears,  then,  that  the  same 
virus  at times  produces a  myelotrophic and at other times a  lympho- 
trophic effect.  Further investigation is needed to elucidate this point. VILSZELM  ELLERMANN  547 
Serological  Properties  of Different  Types. 
An attempt  to find  isohemolysins or isoagglutinins  gave  negative 
results.  On the other hand,  it was found that  the hemolytic power 
of  the  serum  against  rabbit  erythrocytes was  diminished  in  a  fowl 
showing  anemia.  While normal  fowl serum  dissolved rabbit  eryth- 
rocytes in about 6 minutes,  it required  a  considerably longer period 
to produce hemolysis with serum from the anemic fowl.  The condi- 
tions of the experiment were identical in both cases. 
TABLE VI. 
Hemolysis in Cases of Intrasascular Lymphoid Leucosis. 
Hemoglobin  Length of  i  Length of time 
Fowl No.  Date.  (corrected).  tlmehemolysis.required  for  requiredysis  inf°rnormalhern°l" 
serum control. 
5 
7 
3 
13 
1917 
Sept. 25 
Oct.  7 
"  1 
"  17 
"  3 
"  17 
"  27 
30 
42 
75 
58 
33 
25 
25 
m~. 
15 
14 
16 
12 
20 
10 
10 
rain. 
5 
8 
8 
5 
8 
5 
6 
TABLE VII. 
Hemolysis in Cases of Myeloid Leucosis. 
Fowl No. 
8 
6 
17 
Date. 
1917 
Oct. 4 
Nov. 1 
"  3 
Hemoglobin 
(corrected). 
pcY ce~J 
42 
33 
33 
Length of 
time required for 
hemolysis. 
lO 
6 
5 
Length of time 
required for hemoL 
ys]s in normal 
serum control. 
rain. 
8 
6 
7 
The technique employed was that described below.  Rabbit blood was 
mixed with one-tenth of its volume of a  10 per cent solution of sodium 
citrate.  After centrifugation, the blood corpuscles were used directly, 
without washing, for making a 3 per cent suspension in 0.9 per cent solu- 
tion of sodium chloride.  The fowl serum was prepared by keeping the 
blood in  a  cool room  for  24 hours.  0.1 cc. of blood suspension was 548  LEUCEMIA  IN  FOWLS 
added to 0.2 cc. of the active serum by means of a  capillary pipette 
in such  a  manner  as to produce an instantaneous  mixture. ~  Tables 
VI and VII give the results of these experiments.  The former com- 
prises four cases of intravascular lymphoid leucosis.  It will be seen 
that  in  comparison  with  normal serum it required twice as long  to 
produce hemolysis in  these cases.  It  can  scarcely be asserted  that 
the  anemia  is the causative factor, as the percentage of hemoglobin 
was  not  exceedingly  low  in  any  case.  In  one  instance  (the first 
experiment with  No.  7)  there  was no reduction  of hemoglobin,  the 
percentage being the same as before inoculation. 
TABLE  Vlll. 
Titratiens to Test Hemolytic Power. 
Fowl No. 
3 
7 
13 
Date. 
1917 
Oct. 17 
"  17 
"  27 
Titer. 
1:4 
1:4 
1:4 
Titer of normal 
control. 
1:8 
1:8 
1:8 
The findings are quite different in Table vii, which shows two cases 
(Nos. 6 and  17)  of typical myeloid leucemia,  and a  mixed case (No. 
8) characterized by a myeloid subleucemic blood picture and myelosis 
combined with intravascular leucostasis of the organs.  In the mixed 
case there appears to be a  slight retardation of hemolysis, but in the 
two  cases  of  myeloid  leucemia there is no diminution  of hemolytic 
power.  On  the  contrary,  the  hemolysis  with  serum from  Fowl  17 
is more rapid  that that of the control.  In view of these observations 
it  is  suggested  that  the  power  to  produce  hemolysis  may depend 
upon the presence of myeloid tissue.  This tissue, which was negligi- 
ble in the first group of cases, was increased in the second group. 
Although  the  experiments  are few in number the phenomenon of 
a retardation in hemolysis appears to be a well established fact.  As 
the  determination  of the moment  of complete hemolysis depends  to 
a  certain  extent on the personal  element,  as a  matter  of precaution 
titrations  were  done  to  test  the  hemolytic  power in  some  cases in 
3  Agglutination of the erythrocytes invalidates the experiment. VILHELM  ELLERMANN  549 
TableVI.  Aseriesof dilutions (1:1, 1:2, 1:4 .... 1:54) wa~ made of 
active  serum.  After  the  components had been mixed as described 
above, they were kept at a temperature of 60°C. for 2½ hours and were 
shaken and placed  in  a  cool room  until  the  following day.  The 
results are shown in Table VIII. 
The titer, that is the dilution at which complete hemolysis is ob- 
tained, is shown to be in the case of the leucemic fowls about half 
that  of the normal controls.  This  corresponds to  the  retardation 
of hemolysis which has been described. 
Further Experiments. 
Filtration of Inoculation MateriaL--Previous  experiments by Eller- 
mann and Bang (1908, a, b, 1909) and Ellermann (1913,  1918) have 
proved that the virus is filterable, and that intact cells are not neces- 
sary in order  to  transmit the disease.  As other investigators have 
had small success with positive filtration experiments, the results of 
an experiment with Strain H  are given below. 
15  gin.  of  the  organs  of Hen  1  (first  experimental generation) 
were mixed with 0.9 per cent salt solution.  This emulsion was filtered 
through cotton and diluted to make 100 cc.  The fluid was passed 
through a  Berkefeld filter No. 12.  The filtrate was completely clear 
and gave no growth on agar or broth, while the control from the un- 
filtered emulsion gave rise to a rich growth.  Ten normal birds (Nos. 
7, 8, 18, and 40 to 46) were inoculated with the filtrate, each receiving 
1  cc.  Two fowls (Nos.  7  and 8) became infected.  The incubation 
period and the total duration of the disease did not differ from those 
of the controls inoculated with unfiltered material. 
Immunization Experiments.--Since  experiments conducted by EUer- 
mann and Bang and Hirschfeld and Jacoby have shown that subcuta- 
neous inoculation does  not infect  fowls, it was decided to  attempt 
immunization in this manner.  Eight normal hens (Nos. 14 and 47 
to 53) were inoculated subcutaneously with an emulsion of leucemic 
organs (No. 8), each hen receiving  2 cc.  3 weeks later the birds received 
an intravenous injection of emulsion from another infected hen (No. 
5).  One bird died 2½ months later.  The postmortem  and micro- 
scopic examinations showed a  well marked leucosis.  Hence it  ap- 550  LEUCEM.IA  IN  ~OWLS 
peared that the subcutaneous injection of virulent material had not 
produced immunity. 
Inoculation  of  Citrated  Blood  Plasma.--These  experiments  were 
made in order to determine whether the virus is localized in the blood 
corpuscles  or  in  the plasma or in  both.  30  drops of blood  were 
placed in a  mixture of a  0.9 per cent salt solution and  10 per cent 
sodium citrate.  After vigorous centrifugation the upper portion of 
the clear fluid was taken up in a  sterile  syringe  and  injected into 
eight normal hens (Nos. 15 and 54 to 60); eight other hens (Nos.  16 
and 61 to 67) received injections of the blood ceils.  It was found that 
one fowl of each group (Nos. 15 and 16) contracted the disease. 
In the experiments undertaken with another aeries  of birds (Nos. 
20 and 68 to 82) only one positive result was obtained with blood cor- 
puscles, none with the plasma series.  The objection might be raised 
that the separation of blood corpuscles and plasma cannot be  con- 
sidered effective, although this procedure is preferable to filtration, 
which injures the ceils.  The experiments seem to  suggest that the 
virus is contained in the blood plasma.  Nothing has been determined 
concerning the relation of the blood corpuscles to the virus.  As it 
would hardly seem possible to remove a virus adherent to the surface 
of the cells, this has not been tried. 
Inoculation  with Human Ma~rial.--This experiment has no relation 
to the strain of fowl leucosis.  It was undertaken solely to determine 
whether the disease in man and that in the fowl are caused by the 
same agent.  Von Wiczowsky reports positive results in an experiment 
of this kind.  On the other hand, experiments made by Hirschfeld 
and Jacoby (1909) and by Wechselmann and I-Iirschfeld were negative. 
A  priori, the chances of a successful experiment seemed small, as at- 
tempts made to infect other birds of closely related species by means 
of fowl material  have  always  failed.  2  cc.  of blood  taken  from a 
patient, aged 43 years, suffering from myeloid leucemia in Bispebjorg 
Hospital, were mixed with a sodium .citrate solution.  2 hours later 
this blood suspension was  injected into eight normal hens (Nos. 83 
to 90).  The fowls were observed during a period of 6 months, but no 
symptoms  of  disease  were  discovered.  Hence  it  seems  doubtful 
whether the experiment of yon Wiczowsk3~ can be accepted.  It is 
probable  that  every species has its own particular form of leucemia 
which cannot be transmitted to other species. VILHELI~ ELLERMANN  351 
SUMMARY. 
I.  A new strain of fowl leucosis has been transmitted through twelve 
generations of fowls. 
2.  An increase in virulence was observed during its passage.  This 
was shown in  a  shortening of the interval between inoculation and 
death.  The increase in virulence does not affect the number of suc- 
cessful inoculations,  which remains approximately constant in  from 
20 to 40 per cent of the birds employed. 
3.  As with former strains,  the disease manifests itself in  various 
forms;  i.e.,  myeloid  and  intravascular lymphoid  types.  A  single 
lymphatic case was observed. 
4.  In  several intravascular  cases  a  diminution in  the  hemolytic 
power of the serum was established.  This phenomenon was absent 
in a number of myeloid cases. 
5.  Active immunization cannot be produced by means of the sub- 
cutaneous injection of virulent material. 
6.  The finding of previous experiments that the virus is filterable 
has been confirmed. 
7.  The  inoculation  of  human  leucemic material  into  fowls  gave 
negative results. 
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